This research proposed two algorithms, which may reduce the size of IFC files, by extracting only the information requested by each project participant. The extraction algorithms could help to increase the productivity related to the exchange project information between them. One of the algorithms extracted entities related to the required building elements and instances recursively explain these entities from an IFC file. The other one eliminated the unnecessary entities and instances from the file. This research compared the IFC file extracted by the two algorithms to identify the more efficient algorithm. The extraction algorithm was more efficient than the elimination algorithm because the size of an IFC file through the extraction algorithm was almost 1/11 of the file size when the elimination algorithm was used. The identified algorithm could reduce the file size to 8.7% of the original size when extracting information related to the slab element in an IFC file.
INTRODUCTION
There are diverse software used in the Architecture, Engineering, and Construction (AEC) industries, and because of different and various formats supported by the software it is difficult to exchange data automatically and directly. To overcome these limitations, buildingSMART International (former International Alliance for Interoperability, IAI) proposed Industry Foundation Classes (IFC) as the international standard for exchanging data between project participants. However, since a master IFC model generally means an integrated model that includes a lot of information about a BIM-based project generated by various project participants, the size of the IFC model file should be increased (Hwang 2004) . Importing and exporting IFC files takes a lot of time, and it is difficult to exchange information among the project participants without difficulties. The participants request only partial information related to their field from the IFC file, such as design, mechanical, electrical and plumbing (MEP), and construction. Therefore, it is more efficient to use IFC files containing only essential information to carry out specific activities (Hwang 2004; Park and Kim 2009) than it is to use a master model; however, it is difficult to resolve problems in generating and managing the BIM model according to the characteristics of the specific tasks that will be carried out (Chen et al. 2005; Hwang 2004; Katranuschkov et al. 2010; Lee 2009; Yang and Eastman 2007) . In this research the authors developed two algorithms which may reduce the size of an IFC file by extracting only the information requested by each project participant. It is possible to exchange and manage information efficiently by using only the minimum valid IFC file data extracted by the developed algorithms.
To identify the most efficient algorithm for extracting the required information from an IFC file, the authors developed two algorithms which could extract the information requested to represent the selected building component from an IFC model file. Algorithm 1 selects specific entities recursively, extracting instances which refers to the instances of the selected entities from an IFC file, and other instances which refers to the previously extracted instances. Algorithm 2 is a method which eliminates entities which are not requested by each project participant from an IFC model. To confirm and compare the efficiency of the two developed extraction algorithms, the authors created a simple BIM model and converted it into an IFC model to validate the extraction algorithms.
PREVIOUS STUDIES
Some of previous studies insisted that it was more efficient to use an extracted IFC model containing only requested information instead of a master IFC model which integrated all the information generated by diverse project participants (Chen et al. 2005; Hwang 2004; Park and Kim 2009 ). Park and Kim (2009) claimed that utilization of software based on description logics were necessary because of more complex and bigger IFC models than before. The authors proposed using an ontology representation of an IFC based building information model by adding ontology web language (OWL) notation into the IFC model. However, algorithms of the proposed representation were not mentioned. Hwang (2004) attempted to identify a method to calculate quantity takeoff of a building. The concept of the method was to extract basic information related to quantity takeoff from an IFC-based instance file as a subset of the master IFC model. However, this study has several limitations as follows. The authors should identify the entities related to the representation of the preliminary quantity takeoff when users want to use this algorithm. If the IFC will be updated, the authors should also update the list of related entities and this algorithm could not be utilized in areas other than the quantity takeoff. Since BIM software has not supported IFC perfectly so far, this algorithm might cause errors like not including the necessary IFC instances. Chen et al. (2005) developed an IFC-based web server which could extract geometric information automatically for structural analysis from a 3D object-oriented Computer-Aided Design (CAD) model. Although a validation process was conducted by using case studies, they identified and validated the extraction process of information related only to columns and beams among various building elements. The extraction process was not utilized to extract information related other elements but not columns and beams. The server was implemented only to support a collaboration process between the design and structural teams by identifying entities related to building elements, which users wanted to carry out their work.
There are a few studies that use extraction subsets from EXPRESS schema (Lee 2009; Yang and Eastman 2007) , but none of them develop algorithms for the recursive extraction of instances from an IFC file. A few studies (Lee 2009 ) did developed a recursive algorithm and a program for extracting meaningful subsets from EXPREE schema,. however, this program only extracted a minimum valid set of entities from an integrated IFC file but not an instance-level extractor. Therefore, in this research the authors developed two algorithms which could extract entities and instances related to selected building elements from an IFC file and compared them to identify an efficient instance-level extraction algorithm. The details of the developed algorithms are explained in the next section.
DEVELOPMENT OF ALGORITHMS
This research proposes two algorithms that could extract a minimum valid instance-level subset containing information about entities connected with the requested building elements and developed two programs based on the algorithms. Algorithm 1 extracts the requested instances and Algorithm 2 eliminates the unnecessary instances from the IFC file. To extract entities related to the selected building elements and instances explaining the entities, a relationship between the entities and the building elements should be defined first.
Mapping Between Entities and Building Elements
This research identified the relationship between the IFC entities and building elements covering all areas, such as design, structural engineering, and MEP, based on IFC 2X3. IFC 2X3 was composed of 635 entities and 53 entities among them, subset of (ABS) IfcElement, were basic entities to represent the building elements. The examples were IfcBeam, IfcColumn, IfcDoor, IfcFooting, IfcPile, and so on. In this research, an entity related to the slab among many building elements were utilized for the evaluation of developed algorithms. IfcSlab was directly connected with the slab element.
Development of Algorithm 1
Algorithm 1 denotes the algorithm to extract instances related to a selected element from an IFC file. Figure 1 shows an example of an extraction of the entities and instances related to the slab element from a master IFC model. If IfcSlab was selected as the entity to be extracted, instance # 2638, representing IfcSlab in the IFC file, should be extracted. Instances #33 (IfcOwnerHistory), #2614 (IfcLocalPlacement), and #2637 (IfcProductDefinitionShapes) should also be extracted because instance #2638 referred to these instances, and instances which #2637 refers to should be extracted recursively.
Except for these recursive processes, the algorithm should take into account instances referring to the instance explaining the entity IfcSlab. For example, instance #2642 (IfcRelDefinesByProperties) should be extracted because this instance referred to instance #2638, which explains the IfcSlab entity. The order of extracted instances in the IFC file was changed since the extraction process was carried out according to relationships of instances. However, the order of instances did not cause errors in the IFC files. 
Development of Algorithm 2
Algorithm 2 is an algorithm that eliminates instances explaining entities connected with unnecessary building elements not selected among the 53 entities as basic entities for representing building elements and instances referring to eliminated instances. Figure 2 shows an example of the elimination process. If a user wanted to extract information related to column elements from an IFC file, entities related to slab elements should be eliminated from the IFC file. As in Figure 2 , instance #2638, which explains the entity IfcSlab, was eliminated first and instances #2642 (IfcRelDefinesByProperties), #2654 (IfcRelDefinesByProperties), and #2656 (IfcRelDefinesByProperties), referring to instance #2638 were also eliminated.
Through this process, Algorithm 2 eliminated instances explaining entities connected with unselected building elements which was all of building elements except slabs. 
COMPARISON OF DEVELOPED ALGORITHMS
To evaluate the performance of the two developed extraction algorithms, a BIM model was created and used. The BIM model generated by using Revit Architecture was a simple model composed of basic building elements like columns, walls, slabs, windows, and doors and was converted it into an IFC-format file.
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Algorithm 1 Algorithm 2 Figure 3 Representation of an IFC model in which slab-related instances were extracted by two algorithms Figure 3 shows the image of an IFC model before extraction and the extracted models by using the two algorithms developed in this research. DDS viewer was used for representing the IFC models. The number of entities and size of the IFC file, where the entities and instances related to the slab elements, extracted by Algorithm 1 were different from those extracted by Algorithm 2. Table 1 shows the results of a comparison. According to the comparison of the size of the extracted IFC files, using Algorithm 1 was more efficient than Algorithm 2 for reducing the size of an IFC file. Algorithm 1 reduced the file size to 8.7% of the master IFC file and Algorithm 2 reduced it to 90.0% of the file.
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Computing in Civil Engineering 2011 The number of entities included in the IFC file extracted by Algorithm 1 was 56.6% of the number of entities in the IFC file by Algorithm 2. This means that the IFC file extracted by Algorithm 1 had fewer unnecessary entities than Algorithm 2.
CONCLUSIONS
This research developed two algorithms to extract information related to building elements requested from an IFC file and identified more the efficient algorithm. One of the algorithms, Algorithm 1, extracted the necessary instances from an IFC file recursively and the other one, Algorithm 2, eliminated unnecessary instances from an IFC file. Both of the algorithms extracted entities connected with building elements requested for the extraction and instances explaining the related entities from an integrate IFC file and generated valid IFC files.
For the evaluation of the developed algorithms the authors created an IFC model and compared the IFC files extracted by the two algorithms. The size of an IFC file that used Algorithm 1 was 1/11 of the file size (8.7% of an integrated IFC model) through the Algorithm 2 (90.0%). Therefore, the authors identified the extraction algorithm as the most efficient.
The identified algorithm should be implemented into large-scale IFC models that include design, MEP, and structural information, and be evaluated to confirm the possibility of implementation into real BIM-based projects.
